INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
21 February 2002 (21.02.2002) 




PCT 



(10) International Publication Number 

WO 02/13886 A2 



(51) International Patent Classification 7 : A61M 

(21) International Application Number: PCT/US0 1/25726 

(22) International Filing Date: 15 August 2001 (15.08.2001) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

60/225,624 15 August 2000 (15.08.2000) US 

(71) Applicant (for all designated States except US): UNIVER- 
SITY OF KENTUCKY RESEARCH FOUNDATION 

[_/US]; 414 Health Science Research Building, Lexing- 
ton, KY 40536-0305 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): WERMELING, 
Daniel [US/US]; 4889 Wyndhurst Road, Lexington, KY 
5 40515 (US). VALLANCE, Ryan [US/US]; Apt 827, 210 
i Simpson Avenue, Lexington, KY 40504 (US). BALSUB- 
= RAMANIAN, Aravind [IN/US]; Apt. 827, 201 Simpson 



Avenue, Lexington, KY 40504 (US). WALCOTT, Bruce, 
Lanier [US/US]; 3126 Montavesta Road, Lexington, 
KY 40502 (US). MAIN, John, Alan [US/US]; 1025 
Turnbridge Road, Lexington, KY 40515 (US). LUMPP, 
James, E^ Jr. [US/US]; 1412 Lookout Circle, Lexington, 
KY 40502 (US). 

(74) Agent: SPATH, Thomas, E.; Abelman, Frayne & 
Schwab, 150 East 42nd Street, New York, NY 10017-5612 
(US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, Fl, GB, GD, GB, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, PL, FT, RO, RU, SD. SE, SG, SI, SK, 
SL, TJ, TM, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, 
ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
[Continued on next page] 



| (54) Title: PROGRAMMABLE MULTI-DOSE INTRANASAL DRUG DELIVERY DEVICE 



< 

00 
00 

m 

o 




Exploded View of TVc-P*rt Honsing Endosmg Carousel 

(ST) Abstract- An apparatus and method for the self-administration of a plurality of doses of an intranasal liquid pharmaceuti- 

SompoSn inS opioid analgesies, tha, includes a drug delivery deviee confining a plurality o seded 

containing a predetermined volume of me pharmaceutical composition, a pump assembly for conveying the hqmd pharmaceut,^ 

com^uon from the interior of the vial and discharging it as a nasal spray in response to manua^uvuUon bytije . pjem and 

pn^Lable means for sequentially advancing a vial to the ready position after passage of a probed ^ 

last activation of the delivery device. 
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PROGRAMMABLE MULTI-DOSE INTRANASAL 
DRUG DELIVERY DEVICE 



Field of the Invention 

The invention relates to a programmable intranasal drag delivery device for 
die controlled self-administration of a liquid pharmaceutical composition in the form 
of a spray or aerosol. 

Background 

It has become acceptable medical practice to provide a patient suffering post- 
operative pain with means for self-adniinistering an. analgesic pharmaceutical 
composition. This practice allows a patient more direct participation and control over 
the pain management program and has been shown to have a beneficial psychological 
effect and can promote the overall recovery and rehabilitadon of the patient. 

It is also well known that the intranasal administration of a pharmaceutical 
composition in the form of a liquid spray or aerosol can elicit a much prompter 
—physiological re^onse-than.other routes,-such as oral adnmristration*- — - 



As presently employed, the self-administration of pain killers, which are 
typically categorized as controlled substances by the DBA, requires the patient to be 
provided with a permanent intravenous catheter to which is attached a tube that is 
attached to a container suspended above the patient for gravity feed of the analgesic. 
The tube passes through a bulky electro-mechanical device that can include a metering 
pump and that includes a microprocessor that will override the patient's demand for 
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infusion of the drug if it exceeds a predetermined prescribed frequency or volumetric 
dosage. In other words, me patient is prevented from overdosing by a pre- 
programmed valve and/or pump that stops the flow of the liquid analgesic to the 
patient. In addition to being expensive, the existing programmable devices and 
systems for me self-administration of analgesics such as the opioids and other 
controlled substances are bulky, require skilled personnel to set up at the patient's 
bedside, are expensive to maintain and occupy valuable space, not only in the 
patient's room but also in the health care facility's store rooms. These devices are 
also limited to the control of the administration of liquid pharmaceutical compositions 
via intravenous (and intra muscular) routes. 

At least one opioid analgesic product has been approved by the FDA and is 
commercially available for nasal administration. The product is sold under the 
trademark STADOL«NS by Bristol Meyers Squibb, of New York. The liquid 
pharmaceutical composition is contained in a screw cap bottle and is provided with 
a manually actuated pump for delivery of a spray into the nasal cavity. In addition 
to a priming procedure for the pump that is somewhat thne-Mnsuming and of 
potential difficulty for a post-operative patient suffering pain, the STADOL®NS 
system provides in excess of eight to twelve doses which could be self-administered 
m-rapid succession-bya pat^ 

and system therefore requires the close supervision of hospital medical staff to assure 
that the patient does not overmedicate, and thereby self-administer a potentially lethal 
dose of the opioid. The container with the spray pump attached must also be 
removed from the patient's access in between doses. This procedure is time- 
consuming and burdensome for the medical personnel and is also potentially wasteful 
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of the medication, since the system can only be used by one patient A further 
drawback to this prior art system and its method of use is the known diversion and 
abuse that occurs as a result of the theft of the devices from the health care facility 
by workers. 

It is therefore an object of this invention to provide a drug delivery device that 
will provide a plurality of predetermined doses of a pharmaceutical composition 
which can be used by a patient in need of treatment for the self-administration of one 
or more unit doses in accordance with a prescribed protocol that includes a time^lelay 
between one or more prescribed unit doses. 

It is a further obj ect of the invention to provide a self-contained, compact and 
easily portable, programmable drug delivery device for the intranasal administration 
of a pharmaceutical composition that is safe, reliable and easy to use for self- 
adininistration by a patient, in need of treatment 

Another object of the invention is to provide an intranasal drug delivery device 
which provides the administration of a precise volumetric unit dose of a controlled 
substance from a plurality of sealed containers in a system having access and control 
features that discourage diversion and abuse and that can deny use by unauthorized 
persons. 



Summary of the Invention 

The above objects and other benefits and advantages ate realized by the 
pie^mmvennonofaprogranmiabledr^ Le.,hand- 
held, and manually actuated by the patient-user to sequentially self-administer a 
number of indmdual or unit-doses, e.g., 12 doses, from a plurality of separate sealed 
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containers, where the interval between" doses is predetermined aad.operatively 
controlled by dec^mechanical means mat are integral with the delivery device. 

The drug delivery method and apparatns of the invention provides multiple 
unlooses of a drag for intranasal adininistration by the user. Access to a unit-dose 
of the drug by the patient-user is controlled by a program contained in an integrated 
circuit QQ device or programmable microprocessor that is operatively connected to 
a mechanical or electro-mechanical locking means that automatically controls the 
advancement of the unloose containers. The microprocessor device is either 
provided with a program at the time of manufacture and/or assembly of the drug 
delivery device, or is programmable by a physician or pharmacist atthe time that the 
drug delivery device is dispensed to the patient-user. The microprocessor includes 
a timer that controls the lock means that engages a magazine or other carrier 
curtaining a plurality of unit-dose containers. The sealed containers are arranged to 
move sequentially into a "ready" position that is aligned with the dispensing pump 
and manual actuator employed by the patient-user to release or discharge a 
pressurized dose via the delivery nozzle and ergonomic tip or cap into a naris and 

thereby into the nasal cavity. 

The drug delivery device is completely integrated and self-contained in a 

— p^tehafld=heldli0usiiigofa 

of assembly so that the individual drug containers cannot be removed without 
rendering the device inoperable. Tamper-evident features are also preferably 
incorporated into the structure of the delivery device. One or more long-life 
batteries, e.g. , a battery having a shelf life of at least two years, can be installed at 
the time of manufacture and assembly, or the device can be provided with an 
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accessible battery, compartment for insta^^ . 
aeUvery device is dispensed to the patient-ase, Where the delivery device is 
programmed to provide a predetermined interval of time between use of the actuator 

to discharge the drug, ^ 
activatedaftermedocterorplmr^ 

preferred embodiment, me programmed delivery interval is ^ 

mai ^andass^^^ 
omermecnam^blocMngdeviceisprovio^ 

the spray actuator. When the seal is removed m preparation for me fi^^^^ 
actuator is depressed for the initialnseof me device, me batte^ 
and the microprocessor time clock is started. 

In order to minimize the opportunity for improper diversion and use of the 
drug delivery device of the mvention, a biometric or other personal patient 
location means is incorporated into the device. Biometric identification means 
can include fingerprint identification means of the type that have been disclosed for 
use in connection with safety locks for handguns and other fire arms. Other personal, 
identification means can include a series of numbers or other indicia that must be 
entered into an integrated push button or key pad that is operatively connected to the 
•microprocessor and lock means. Such personalized patient-user identification 
recpnrements can be imposed either at the time of initial use, and/or for each 
sequential use. Unique encryption information is entered in each microprocessor at 
the time of assembly and the access code is printed on a label, an exterior sealing 
wrapper, or on other packaging material mat is provided to the patient-user when the 
drug delivery device of the invention is dispensed. 
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Hie advantages of the drag delivery device of the invention will be apparent 
to those of ordinary skill in the art and include the following: 

1. The opportunity and interest in diverting the nasal spray delivery device 
for recreational or other improper use of the drug by unauthorized individuals is 

mmhnized or eliniinated. 

.2. The opportunity for abuse or misuse by patients who seek to self- 
administer the drug more frequently than is prescribed or safe is minimized or 
eliminated. 

3. Patient compliance with the prescribed drug regimen can be improved. 

4. An appropriate predetermined number of prescribed unit4oses up to 
the maximum capacity of the device can be programmed for delivery prior to, or at 
the time the device is dispensed to the patient-user. 

5. More accurate andconsistent doses are delivered by the device than can 
be achieved with the multi-spray pumps and reservoir systems of the prior art. 

6. Each unit-dose of the drug is secured in its own sealed container. 

7. The use of a hypodermic needle to mject the drag into a patient to need 
of treatment is eliminated. 

The device of the invention also serves as a secure container for the storage 
— oraHphlrality^fv^^ 

form of liquid pharmaceutical compositions. Any action to remove the housing will 
result in disabling the pump, thereby denying access to any drug in the vials. 

An audible or visible signal can be initiated in a preferred embodiment, for 
example, by having a blinking LED in the housing to alert the user that the device 
is available for adniinistration of the second or subsequent dose. 
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In a preferred embodiment, the device is provided with a tamper-evident seal 
at the time of manufacture so that the prescribing pharmacist can insure that the 
contents are intact . The device is preferably constructed so that any effort at 
overcoming the delay mechanism will render the device inoperable by either causing 
a default in the microprocessor program, of by rendering the pump plunger 

inoperable, or both. 

The invention is particularly advantageous in the adniinistration of drugs where 
there are adverse side effects and health risks associated with overdoses. Since one 
type of drug to be administered in the class of pain killers can include narcotics, 
access to the drug must be limited by defining the period of time between doses, e.g. , 
three-four hours. The microprocessor or other IC device is programmed to allow a 
vial to be aligned with the dispensing pump and in a position in which its contents can 
be administered after a physician or pharmacist has entered the prescribed interval. 

Because each vial is sealed, its contents remain sterile during the storage 
period and even after the first use of the delivery device. Self-admmistrationmaunit 
dose from each vial is initiated by a manual activation of a plunger which pressurizes 
the contents of a vial, while at me same time inserting one end of a delivery tube 
through a seal in the open end of the vial, thereby allowing the contents to be 
— discharged tiiroughthe^ti^^^ 



The support member can be provided with a housing to enclose the vials and 
other operative mechanical elements of the delivery device. In one preferred 
embodiment, the exterior walls of the device are comprised of the housing and the 
outer side wall of the support member opposite the vials, and the two elements are 
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rotatably engaged in a snap-fit and pennanently sealed together to prevent access to 

tbe drug-eontaining vials. 

In a second preferred embodiment, the support member is entirely encased in 
a pair of interlocking housing members which form the exterior of me device. In this 
second embodiment, the pump assembly is contained and supported by a pair of 
mati ng hollow pump support members projecting radially from the respective sides 
of the housing. 

Ite elements forming the extorter of to assembled deliver, device am 

.^toar^andtor^m^nm-a^^"*^*- 
el emen*canbe secured*, adbe**., b, ute«omc weUing of topUsticparts, b, 
fc^tag jmedcrfdng inmrior member in to .eapective pa* 6* snap mgetor, bnt 
to, cannot bo sepammd wito* damage, or by otor means taowintoart. 

Tte force rcphed to to* to vial support member relative «„ to pump 
^ y c m beprov^b,^moti™me fflSto .wn.otoa rt . T*esourceofto 
^ fcrce can tomde springs, such as ooil springs or leaf springs. <»* or mom 
etedc mmbem extended between to moving e^uenta. an electric motor, a 
appliedfcme, andtolte. In one pref^embodmmnt,. a ftatcoil spring 
^^^^WWto-me^Wportmember and -arte otorto to nousing^A-fflat 
cofl spring has to adv^ of «cupyingnmm^^ B " coB 
sptog can be wound Wo a tenaioned state b, mating to housing and support 
mentor in opposite directions and to. seenrtog torn by me** of an escapement 
.B^tomsm tot pemnts partial motion in to deaned direction om, upon release of 
the toggle member. 
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Motion can also be imparted by the use of an electric motor having a Motional 
member attached to one end of 

.surface of the opposingother member. A motor can also be utilized to rotate a gear 
wheel mat directly or mdirectiy engages either a gear or toothed surface on the 
support member or the housing. 

The motive force to produce relative movement can be provided by a 
mechanical linkage, e.g., a ratchet, that is engaged when the pump activator is 



In another preferred embodiment, the housing is provided with an opening at 
its periphery which permits the patient's finger or thumb to contact the 
circumferential edge of the support member, thereby allowing the patient to apply a 
manual force to advance a vial containing the pharmaceutical composition into 
alignment with the pump assembly for dispensing the drug. The inclusion in tins 
embodiment of a ratchet or other form of directional control means is particularly 
important to assure that an empty vial is not moved into the ready position. In dus 
embodiment, the manual force is applied tangentially to an element at the periphery 
of the support member and generates a torque causing the support member to rotate 
about the central hub. 
ITihe^ferred^emBb^ 



arrayed radially on a generally circular support member, the device preferably also 
includes means for preventing relative movement between the pump assembly and the 
support member in a direction opposite to that which is intended. Means are 
provided for preventing a patient from rotating the housing to a position an empty vial 
in alignment with the pump assembly. Mechanisms for providing one-way rotational 
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movement include a i^^.i^P^Ji-^to^^*^ 
member or me housing and flexes outwardly as me tree end passes over a tooth or 
projecting element in the opposing portion of the assembly. The projecting teeth or 
similar features can be molded into the exterior surface of the cental bearing hub of 
the support member and are provided with an angled cam surface on which the tip 
of the pawl rides as the support member advances relative to the pnmp assembly; 
each tooth ends in a square shoulder that engages a corresponding projecting surface 
at the tip of the pawl to put the arm of me pawl m tension when a force is apphed to 
rotate the support member in the opposite direction. 

Because of the relatively small incremental movements required to rotationally 
advance a vial from a fixed position to the ready position, the rotational bearing 
surfaces can be provided by adjacent cylindrical bearing walls that are integrally 
formed in me support member and in the single housing or the two-part housing 
elements. 

The various elements comprising the support member and housing are 
preferably formed of molded polymer compositions. The polymer compositions are 
selected based upon having a relatively high resistance to impact fracturing,, good 
resiliency in order to resist damage if dropped on a hard surface, and sufficient 



flexibility to facilitate the positioning of glass vials containing the pharmaceutical 
composition in the support member. The fabricated components are also to be made 
of materials that are sterilizable. The principal elements of the delivery device are 
preferably fabricated by injection molding. Suitable compositions included 
polyvmylcMoride(PVQ,polyemylene,acryloni^ 
like. 
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dectronic ^im*****™** ooutiol ° f 88 TOU " COn,n>1 * to 

^Werftcetotod^ice. fcfc^te--**-**-* 14 — 

^ *ton a .lose is admmistemd, prevents to use of to dc*e until to 

..»,. .no^.o^tosareq^^.too^lm^iaadv.^y 
to an embedded micmpioceas* (miooconrnM capable of monitoring 

totoo™ and output derfc«, monitoring etop*d mal .toe and actuating to electio- 



Tbe decootoc mtaoprecessor control system provides to meats for 
determining wtonuser acc«s to to drog to be administered sball be penmtoed and 
a use, interim ta to device. The mteroprocessor detects aod records 
,ften , dose is administer prevents use of to device rmffl to prescribe tb« has 
etopsed, provides tofcnnation to to nser and atomdingfctuto prefer as lotto 
atote of to device, and accept, top* torn to user and optimally, ftom to 
...pervising toalto care professional uto can enter to toitial and/or cbangea to to 

-p^lTetttinjTtO-^^ 



tactions of monhortog to condition of switetos tmd sensor, to to device, 
toterfacing wimto m«thronghbon» 

tone and actuating the electto^necliamcal systems which permit die drug to to 
administered. 
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The user interface can advantageously incorporate conventional push buttons 
for inputs and light emitting diodes (LEDs) or a liquid crystal display (LCD) to show 
the status" of the system. Many different conventional interfaces between, the 
input/output devices and the microprocessor are possible, with any desired degree of 
complexity. Accurate time bases can also be achieved with conventional techniques. 
Accordingly, the interface and timer structure will not be further described. 

Actuation of the electro-mechanical portions of the delivery device in 
accordance with a prescribed time schedule is required in accordance with the present 
invention. As described above, a compact actuator for periodically toggling the 
escapement mechanism is necessary, given the overall size of the device. The 
actuator must be capable of pulling on the toggle mechanism with sufficient force to 
pun the link out of the recess m to Furthermore, the 

actuator is preferably compact and easily interfaced with the microprocessor. In a 
preferred embodiment, the escapement actuator is embodied in a wire with shape 
memory properties made out of nitinol. As is well known, the crystal structure of 
a nitmol wire changes when it is heated above a phase transition temperature , so that 
the wire is less stiff at cool temperature Such a wire can 

therefore be used as an actuator by preloading the wire in tension. 



Brief Description of the Drawings 

The above objects and other benefits and advantages of the invention will be 
apparent from the description which follows when read in conjunction with the 
attached figures in which: 
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FIG. 1 is a perspective, quarter-sectioned schematic .view of a precision drug 
dose storage vial containing a predetermined dosage volume of a liquid 



FIG. 2A is me drug storage vial of Fig. 1 into which has been inserted a 
piercing member and plunger that form part of me drug delivery channel at the 
mitiation of the dispensing operation; 

FIG." 2B is similar to Fig. 2A and shows die relative position of the elements 
at the end of the dispensing operation; 

FIG. 3 is a side elevation view in section showing the nasal insert with 
flanking integral manual actuator flanges engaged in the ready position for dispensing 
with the apparatus shown in Fig. 2A; 

FIG. 4 is a top perspective view of one preferred embodiment of the invention 
showing a portion of an assembly in which a plurality of drug storage vials are 
arrayed radially in a circular supporting member for consecutive engagement by the 
nasal spray pump; 

FIG. 5 is a view of a portion of the apparatus of Fig. 4 provided with less 

than its full capacity of vials; 

PIG. 6 is an eroded perspective view mustrating the assembly of a support 

—member containing vials sinmar^ to 



FIG. 7 is an end elevation view, shown partly in section, of ihe assembly of 

Fig. 6; 

FIG. 8 is a perspective view showing the assembly of Fig . 6 that also includes 
a nose cap and an electronic control module with a visual display; 
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FIG. 9 is a side top view, partial cut away, showing the complete assembly 
„, Fig: 8 with the ptunp 'imm*,. ««■ — cap m .he taled posMon and 
sdMffitkally one embodime* of a Wn***-* coiled power 

sprmg; 

FIG. 10 is a perspective view of die assembly with the housing partially cat 

controlling the movement of me vials with respect to the pump; 

FIG. 11 is an enlarged detail, shown partly in section, of a plan view of the 

escapement mechanism and activator, wire; 

HG. 12 is an exploded perspective view of another preferred embodiment in 

which a two-part housing encloses the support member; 

HG. 13 is a perspective, view of me assembled delivery device similar to Fig. 
12, but illustrating an embodiment in which the housing is provided wife a window 

aperture to access the interior; 

HG. 14 is a perspective view of a support member fflustratmg me placement 

of a ratchet arm; 

HG. 15 is a perspective view of the interior of one side of a two-part housing 
fflostrating the assembly of an annular ratchet wheel with external teeth intended for 
-cngageinentwm^'me-am-showa-m-K^W; 



HG. 16 is a view of one embodiment of a support member illustrating 
placement of batteries and other electrical components; 

HG. 17 is a top plan view showing a first embodiment of an electro- 
mechanical actuator for a release mechanism; 
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FIG. 18 is a view similar to Fig. 17 showing a second embodiment of the 
mechanism; 

FIG. 19 is another view similar of Fig. 17 showing a third embodiment of a 

release mechanism; 

FIG. 20 is a schematic diagram of a preferred embodiment of a discharge 

circuit used to activate an element in the assembly; 

FIG. 21 is a schematic diagram of a preferred embodiment of a 
charging/discharging circuit used in the assembly ; and 

FIGS. 22A and 22B are schematic illustrations of extension and compression 

bias spring actuator systems. 

Detailed Description of the Invention 

Referring to Fig. 1 there is shown a sealed drug storage vial referred to 
generally as 1, comprising a generally cylindrical container 2 preferably formed of 
transparent glass mat can be autoclaved for sterilization and sliding seal member 3 
preferably fabricated from a heat and chemically resistant polymeric material that is 
slidably mounted in access orifice 4 of the vial. The vial contains a precisely 
premeasured dosage volume of pharmaceutical composition 1. In the embodiments 
— dwaffiS~BSow7pfiffiiHeei^ 

However, as will be understood from the description that follows, each vial can be 
provided with a bi-dose volume which is intended for administration of a portion in 
each of the patient's nostrils utilizing a double-action pump assembly and actuator. 
In a preferred embodiment, the vial 1 is provided with a radially extending collar 5 
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to facilitate its handling during filling and assembly of the seal 3 , and its positioning 

in the delivery device. 

The discharge of the pharmaceutical composition 6 from the vial is described 

with reference to Fig . 2A where pump plunger 12 and piercing tube 14 are in contact 

with seal 3 and in communication with me interior of the vial. 

Referring now to Fig. 2B, the plunger 12 is shown in me felly extended 

position.with the seal 3 advanced to the bottom of the vial. In accordance with the 
action of this positive displacement pump means, the liquid composition 6 has been 
expelled through the fluid channel 16 which extends coaxially through plunger 12 and 
tube 14. A recess 7 in the base of the seal provides an intake for piercing tube 14 
which is all set sufficiently so that its sharpened tip is not dulled or bent by contact 

with the bottom of the glass vial. 

With reference to Fig. 3, the pump assembly 10 is shown in cross-section with 
the plunger as positioned in Fig. 2A described above. As will be seen coaxially 
through pump supporting structure 20 and terminate at discharge port 18. As will be 
explained below, an ergonomic intranasal tip or nozzle is received on support 20. 
With continuing reference to Fig. 3, a pair of actuators 30 are provided with 
contoured surface elements 34 to receive the fingertips for manual activation of the 

delivery-device^ 

flange for cooperatively receiving a locking member of corresponding cross-section 
that is formed in the housing as described below. 

The spray actuator assembly is comprised of components that are known in 
the art, for example, as employed in nasal spray devices manufactured by fee Pfeiffer 
company, having offices in the United States and Germany. 
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With reference to Fig. 4, the pump assembly and actuator wife a vial is shown 
in a cooperative operating position with respect to support member 40 on which ate 
securely mounted a total of 12 vials. In this embodiment, each vial is held in a snap- 
fit relation by a pair of generally U-shaped brackets mat are integrally molded into 
the base plate 44 of support number 40. A peripheral side-wall 46 with a plurality 
of access ports 48 corresponding to the radially-positioned vials permits the pump 
assembly plunger to penetrate the access orifice when a vial is in me ready position. 
An annular wall 50 also rises vertically from the base plate 44 to form a central 
opening54. Annular wall 50 is provided with a smooth bearing surface 52 for 
rotational engagement with a projecting wall of a housing element as will be 
describedin more detail below. Annular wall 50 is also provided wim a plurality of 
apertures 56 correspond^ to me number of vials earned * 

supporting member 40. 

ftwffibearsh^ftomthe above descrir.tionttatthe size of (he supporting 
^ fe d«enntoed to par, W *e arfnunfcer. of vtoU to be carried 

^...porito can be loaded onto the twelve p<^o n sopt^ »^ « 
Fig.5,wbere1i*pademfepi«cr^ However, as 

—will be apparent-to-one of-ordtoaty -skffl-m ^-te art^tte-dian^ of u*-sapporttog 
nsa* 40 eonld be rednced by clangtog the conflgoratoof tbesededviala 1 e.g. 
by.educrrs.J^heigMandtberebyte 

Warisidewa]!*. Stoeeeaseofrtamufi^ofthevMandtetallaaonofte 
„„, assembly of the sealed vial to the support member reccanmends a cylmdrical 
eo.Bgaation, me diameter of the vial would have to be toc^ » accommodate 
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the same liquid dosage which is preferably in the range of 0.1 to about 0.2 ml. In 
the preferred embodiment described herein, the diameter of the assembled delivery 
device is preferably in me range of about three to five or six inches. This permits 
an ergonomic design that can be easily transported, stored in a pocket or purse and 
utilized by mdividuals of average strength and hand size. 

With reference to Fig. 6, the support plate is shown in position ready for 
assembly with housing 60 that is received in a close-fitting, rotatable relation. 
Housing 60 includes a central annular wall 62 having on its interior a depending 
bearing surface 64 shown in Fig. 15 that is received in sliding contact with the 
bearing surface 52 of annular wall 50. Wall 64 extends outwardly from annular wall 
62 and terrninales in downwardly depending side-skirt 64. Pump support 70 is 
integrally molded and extends radially from side-skirt 66, and is provided with pump 
bearing channels 72 for re^ivtog a punm assembly 10 m si^^ Acoil 
spring 80 is received cooperatively on pump support 70 and engages the interior of 
pump assembly 10 to provide a biasing force extending outward radially so that 
pump plunger 12 and piercing tube 14 are retracted to the interior of pump support 
70 during rotation of the support member 40 relative to housing 60. 

In the partially sectioned view of Fig. 7, housing 60 is assembled to support 
— member 40 thereby fo 



open chamber 61 of the housing 60. 

As shown in Fig. 8, electronic module 90, preferably including a display 92 
for providing status information to the patient or health care supervisor is received 
in chamber 61 of housing 60 the electronic display can provide information such as 
the number of doses remaining in the delivery device, the time remaming until the 
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next dose can be accessed, encoded patient, identification information, delivery device, 
serial number, battery life, and the like. In a further preferred embodiment, the 
electronic module can include one or more input/activation switches in the form of 
push buttons or touch-sensitive devices. The switches then control functions such as 
audible/visual alarms or signals, initial battery activation/power activation, entry of 
prescribed delay time between doses, and the like. 

The electronic interface module 90 can also include means for uniquely 
identifying the designated patient/user of the delivery device utilizing state of the art 
technology. For example, an electronic interlock can be provided that is activated 
only when the authorized user's fingerprint is read prior to actuation of the pump 
assembly to discharge the pharmaceutical composition. The required recognition 
program can be incorporated into the microprocessor or included as an auxiliary 
device that performs as a yes/no switch or function in the release of the mechanism 
to move a vial into the ready position for actuation. 

As noted above, a coil Spring such as that illustrated in Fig. 9 is a preferred 
source of the motive force required to provide relative rotation between the pump 
assembly and the vials secured to the support member. In the embodiment shown, 
one ei!d of flat coil spring 110 is secured to a post that is integrally formed in the 
centerof!^^ 



wall 50 of the support member 40. As will be understood by one of ordinary skill 
in the art, the arrangement of post and attachment point can be reversed, and a 
variety of other mechanical constructions can be adopted to provide the motive force . 
For example, an extensible elastic member can be attached at one end to the sidewall 
46 of supporting member 40 and stretched about its periphery in a channel provided 
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forllrctpur^ Theelements. 
are assembled wim^^ 

more futt turns in order to provide sufficient torsional force in the extended elastic 
member to produce relative rotation through at least one revolution to bring each of 
the radially positioned vials into a ready position. 

m a preferred ernbodiment, and as best shown in Figs. 8 and 10, a lock 
mechanism is provided for securing die pump assembly 10 in the fully inserted 

posmonandwim W . 
Tbisc^b*accon^ 

engage the actuator after passing through lock securing apertures 32. This provides 
a compact and secure configuration for the delivery device that minimizes risk of 
damage if the device is being carried m the user's pocket or handbag. 

In or der to avoid the imdesired interlocking of die pmnp assembly after the 
first use, as in an institutional setting, the projecting lock elements 78 can simply be 
snapped off in preparation for use of the delivery device by the patient 

It will also be understood that the drug delivery device can be shipped after 
manufacture with the pump assembly depressed and locked into an empty vial, e.g. 
after a quality control test to confirm the spray function; or by omitting a vial from 

oneTttsitidn^^ 

available for patient self-administration. 

If the pump assembly is to be shipped in the fully extended position, a 
removable restraining clip (not shown) or split collar can be inserted below the 
actuator flange 30 and between the housing 60 to prevent the inadvertent discharge 
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of the drug. The retaining clip can also be reinstaUed between uses for the same 
purpose. 

In a further preferred embodiment illustrated in Fig. 12, a two-part housing 
consisting of elements 60 and 61 completely encloses the support member 40 in a 
secured, mated relationship. In this embodiment, the pump support is also formed 
in two mating half-sections having an interior pump bearing channel for receiving the 
phinger 12 and extended tubular member 17. The lower housing section 61 is 
provided with an upstanding internal annular rim which further supports and encloses 
the components positioned on the underside of support member 40. In this regard, 
reference is made to Fig . 15 in which the electronic components , including a plurality 
of batteries 260 retained by battery supporting members 262 are securely positioned 
adjacent the rmcrpprocessor 270 that is mounted on supports 272. A plurality of 
apertures 276 are provided for the passage of wires from the opposite side of base 
plate 44. 

In order to provide an added measure of safety and security by insuring that 
the relative motion of the support member and pump assembly cannot be reversed, 
a ratchet such as that illustrated in Figs. 14 and 15 is provided. Shown in Fig. 14, 
ratchet arm member 160 is mounted on supporting wall 170 by a sliding engagement 

which secures one end of the^am- 

would engage a correspondingly configured groove 182 that is formed in the separate 
ratchet wheel 180. As further shown in Fig. 15 ratchet wheel 180 is received in a 
secure engaged position on annular wall 62 of housing 60 secured there as by 
adhesive or mechanical fasteners. 
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The use of a ratchet or. other means to preclude reversing the direction of 
relative movement is particularly important where the motive force is manually 
applied by the patient, as for example, in the embodiment illustrated by Fig. 13. In 
this embodiment, a two-part housing is provided with an access window 86 of 
sufficient dimensions to permit the insertion of a finger of thumb to rotate support 
member 40 that is mounted inside the housing elements 60, 61. In this embodiment, 
where a manual motive force is to be applied, the microprocessor can cause an 
audible and/or visual signal to be emitted which alerts the user to a status in which 
toe escapement has been actuated to permit movement of the support member to 
position a vial in the ready position. 

In order to insure the patient's safety as determined by the prescribed protocol, 
the drug delivery device of the invention is provided with means for controlling toe 
movement of a vial to the ready position following the required time delay after the 
composition was last administered. In one. preferred embodiment, an electro- 
mechanical interlock is provided utilizing an escapement mechanism such as that 
illustrated in Figs. 10 and 11. A generally U-shaped control arm 120 is pivotally 
mounted on pivot post 122 supported on base plate 44 of support member 40. As 
best shown in Fig. 11. the up 124 of control arm 120 extends in to a recess 130 
— -formed-by-proje<^-stops-132-extending-o^ 

housing 60. Escapement actuating means 126 is shown schematically as applying a 
force F to one of the control arms to cause a pivoting or toggle motion. As will be 
understood by one of ordinary skill in the art, the size and spacing of the distance 
between the control arm tips 124 corresponds to the distance between projecting stop 
elements 132, so that as the control arm 120 is pivoted to allow relative movement 
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between the housing and support member, the opposite end of the arm 120 enters the 
adjacent recess 130 and its tip 124 engages the next stop thereby 132 allowing the 
controlled and limited movement of an adjacent vial into the ready position. 

The force F can be provided by any of a variety of electro-mechanical devices 
including a single- or double-acting solenoid which is capable of pushing and pulling 
a connecting rod either- directly, or through a series of levers attached to the control 
arm 120; an electric motor to which is attached a cam or cammed lever, where one 
or more solenoids or the motor are caused to operate by signals received from the 
microprocessor. 

In a particularly preferred enwodiment, shape memory alloy (SMA) wire is 
employed in conjunction with an escapement mechanism for advancing the support 
member relative to the pump assembly. Two methods that are well known for 
creating linear actuation using shape memory alloy will be described with reference 
to illustrative schematic diagrams. Both methods are referred to as bias spring 
actuators, since the SMA wire is pre-loaded using springs. The two constructions 
differ in that one utilizes a tension spring and the other utilizes a compression spring . 
Eitner method can be utilized in the present invention and their application in 
different embodiments is illustrated and described in conjunction with Figs. 22A and 
22B; J 



Fig. 22A illustrates the principle of a bias spring actuator employing a spring 
in tension. A mass M is connected to a tension spring on one side and a nitinol SMA 
wire on the opposite side. The tension spring is stretched so mat a preload force 
exists in the spring and SMA wire. The wire contracts when the shape memory 
effect is initiated by heating the wire to a temperature above its phase transition 
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temperature. When the wire contracts it pulls against the tension spring and causes 
the mass to move. When the SMA wire cools and returns to a temperature below its 
phase transition temperature, the SMA wire elongates. Hie tension provided by the 
spring is necessary for stretching die SMA wire back to its original length. 

In the second type of bias spring actuator, a compression spring replaces the 
tension spring. This construction is illustrated in Fig. 22B where a compression 
spring pushes against a mass M, and the shape memory alloy wire pulls on the mass. 
In the construction of the invention, it is preferable that the wire pull through the 
center of the spring, as shown. When the SMA wire is heated and shortens in length, 
the compression spring is further compressed. As the SMA wire cools, the 
compression spring pushes against the mass M and stretches the SMA wire back to 
its original length. 

The bias spring actuator provides an electro-mechanical device in which the 
intermittent application of an electric current to a length of nitinol wire attached to 
an element M, such as one end of a pivoting escapement that is bias-positioned by a 
spring, arm will cause the arm to move and thereby permit the rotating member to 
advance to the next permitted position. 

i 

In another preferred embodiment which will be described with reference to 
Figs. 17, 18 and 19, the pivotafly-mounted escapement control arm 120- is actuated- 
by a force resulting indirectly from the passage of an electrical current through a 
length of nitinol wire 200 or other shape memory alloy (SMA) wire. With reference 
to a first embodiment illustrated by Fig. 17, a length of nitinol wire 200 is slidably 
retained in a channel 202 formed by a pair of adj acent walls 204 , the free end of wire 
200 being fixed to a conductor element 210 which extends below the base plate 44 
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of support member 40 for a connection to a power source through appropriate 
circuitry described below. 

The opposite end of SMA wire 200 is joined by connector 220 to a length of . 
flexible braided steel wire 230 preferably having a diameter of about 0.0006 inches, 
which wire passes freely through a thin-walled plastic tube 226 held by bearing blocks 
228. Wire 230 also passes through slide elements 240 that contact opposite arms of 
control arm 120. The free end of the steel wire 230 is joined through a connector 
220 to tension spring 232 which in turn is secured to anchor post 234 that is affixed 
to base plate 44. It will be understood that SMA wire 200 fomis part of an electrical 
circuit such as that described in the schematic of Fig . 20 which includes a capacitor 
whose charge can be passed through and thereby raise the temperature of the SMA 
wire to a point at which it physically contracts to reduce its length by up to 4%. As 
SMA wire 220 contracts, it pulls steel wire 230 which in turn causes a force to be 
applied to pivot arm 120 via slide elements 240 to which it is secured. As explained 
above, the application of this force F through steel wire 230 allows the relative 
movement of the housing and support member and the positioning of a fresh vial in 
the ready position. 

In a second preferred embodiment for the application of an actuating force to 
- the escapement control arm 120, reference is made to Fig. 18 where like-reference 
numbers are used to identify the elements described in detail in Fig. 17. In this 
second embodiment, the length of the nitmol SMA wire 200 is increased and the steel 
wire 230 is channeled through tubes to form a pair of vertical loops; however, the 
method of operation is otherwise the same. 
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In the third and most preferred embodiment that is illustrated in Fig . 19, two 
separate SMA wires 200 are employed and each is preloaded by a compression spring 
242, as compared to the use of a single tension spring 232 as was described in die 
prior two embodiments. In order to actuate the escapement by application of the 
force F, current is passed through the SMA wire 200 attached to the tip of the control 
arm 120 that is in restraining contact with projecting stop 132, thereby withdrawing 
the tip 124 and allowing relative movement of the housing and support member, while 
at the same time positioning the opposite end of the control arm 120 in a position to 
engage the next projecting stop 132. It will be understood that additional circuitry 
is required to connect one end of each of the two SMA wires to the capacitor through 
a switch that alternately delivers the current to the wire that is engaged with the 
escapement in accordance with the . time delay protocol prescribed by the 
microprocessor. 

In accordance with the present invention, the microprocessor controls the 

t 

nitinol wire actuator so that a dose can be given only at the predetermined and 
prescribed time intervals. This means that the microprocessor must supply the 
actuator with sufficient power at the predetermined time intervals so that the actuator 
can pull the escapement to permit the motive force applied to the support member to 
— advance- the-vfidv but at all-other-times the microprocessor-does-not supply the 
actuator with power, which prevents the administration of a dose during the time 
intervals. 

Actuation of a nitinol wire requires a significant amount of power. One of the 
primary requirements of the electronics design therefore is to apply sufficient power 
to the nitinol actuator from the limited voltage and current available in a small button 
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cell battery compatible with the space restraints for the device of tiie present 
invention. 

In a preferred embodiment, it has been determined that the diameter of the 
nitinol wire should be 0.0006 in./0.15 mm and the displacement for each actuation 
4.0 mm 3 which means that 100 mm of wire is required in total. The 0.15 mm wire 
has a characteristic resistance of 4.3 ohms/cm, yielding a total resistance of about 4 
ohms. For nitinol wire with a 0.15 mm diameter, it is preferred that 200 mA be 
applied to the wire for one second in order to actuate the wire. 

The peak current generally available from a conventional 3 V button cell 
battery that meets the volume constraints of the device of the present invention is on 
the order of 150 mA. Therefore, in accordance with the present invention, an energy 
store has been designed using a capacitor that can be slowly charged over a matter 
of minutes from the battery and discharged into the nitinol wire for one second at a 
high current level. 

Moreover, to enable computer control of the operation of the device, the 
charging of the capacitor and the energizing of the nitinol wire from the capacitor 
must be done under microprocessor control. While processors such as the known 
commercial PIC12C924, and others, can support an LCD display, a simple user 

interface and programming scheme can be implemented with a much smaller and 

simpler microcontroller. The commercially available PIC12C5XX processor is 
suitable for controlling the device via one of a preselected dispensing schedules. 

This type of microprocessor can control the charging/discharging circuit for 
the capacitor, the position sensors in the device and any buttons and LEDs in the user 
interface. The logic levels available on its CMOS outputs running on a 3V button 
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cell battery are 2.3V at 25 mA (100 mA with GPIO parts) for the logic one output, 
and 0.6V at 25 mA (100 mA with GPIO parts) for the logic zero output These 
voltage levels can be used to switch transistor circuits to charge the capacitor. 

Fig. 20 illustrates a basic capacitor circuit 300 usable in accordance with the 
present invention. As shown therein, the capacitor circuit 300 includes a bipolar 
inverted transistor Q0 302 having an emitter 304 connected to the nominal 3V of the 
battery and a collector 306 connected through a 1 F capacitor CO 108 to ground. The 
base. 310 of transistor Q0 is connected through a 1 k ohm resistor R0 312 to an 
input/output 314, e.g. a push button to initiate deUvery of a dose. In accordance with 
well known principles, a charge can accumulate on capacitor CO while transistor Q0 
is off, but will be output quickly once transistor Q0 is turned on by actuation of the 
push button 314. 

Because of the capabilities of conventional 3V button cell batteries, a realistic 
charging circuit must also limit the current, drawn from the battery. Two different 
ways are provided in accordance with the present invention to achieve this result, 
taking into consideration the CMOS pin voltages and current limits of the 
microprocessor. 

The first method utilizes an analog limit circuit to limit the current flow. The 
- analog limit circuit prefei^ly inchides a con^ 
operating in the linear region. This allows the circuit to operate as a constant current 
source with a very low current to charge the energy storage circuit. However, such 
an analog limit circuit can be sensitive to temperature extremes that might be 
encountered during transportation and storage of the delivery device. 
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The second method of limiting the current employs a charging circuit that will 
pulse under microprocessor control. A pulsed charging circuit is obtained using 
transistors operating in the saturation region withthe CMOS level being used to 
switch the current flow on and off repeatedly. When the current is pulsed fast 
enough, the average current flow from the battery can be precisely controlled. 
Because conventional button cell batteries can produce over a milliamp of current in 
a pulse, this allows a charging <±x^ to be buHt with no current W 
switching of the charging circuit via the microprocessor. 

Once the capacitor CO is fully charged, the charge level is maintained by. 
providing enough current to overcome the capacitor leakage current As necessary, 
the analog current limiting approach or the pulsed approach provides this flow of 
maintenance current However, leakage can also be overcome by the battery itself , 
as by leaving the charge circuit is left enabled. 

The microprocessor also controls the discharge of the energy storage capacitor 
CO to energize the nitinol wire actuator. This circuit discharges the capacitor CO into 
the actuator with as little voltage loss as possible , by minimizing forward bias voltage 
on the transistor Q0 and lowered series resistance, jfn addition, the capacitor chosen 
for the energy store has a very low internal series resistance. The internal resistance 
— of the capacitor-and the resistance of-the energizing circuit must be negligible with- 
respect to the actuator resistance (which is on the order of only 4 ohms) , in order to 
avoid an undesirable enough loss of power to the actuator. 

Hie control signals from the microprocessor will be 3V CMOS levels that 
switch the voltage (near 3V) on the capacitor through the actuator. This is achieved 
with a transistor switching circuit interfaced to the CMOS output of the 
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microcontroller, as shown in Fig. 2. Here, the switching circuit 320 includes a 
bipolar inverted transistor Ql 322 having its base 324 connected to the input/output 
314, it collector 326 connected to ground and its emitter 328 connected to one end 
of a series circuit of the nitinol wire actuator 330 and the capacitor CO 308, the other 
end being connected to ground. 

As will be apparent to one of ordinary skill in the art, other mechanical 
arrangements can be adapted to control the timed advancement of the vials with 
respect to the pump assembly. For example, a clockwork mechanism, powered either 
by a battery or spring, can be employed in conjunction with the escapement 
mechanism described above. In this embodiment, a rotating shaft can be provided 
with a wheel having a cam surface that releases the support member interlock and the 
support member rotates to position a fresh vial in a ready position relative to the 
pump assembly. The mechanical clockwork mechanism can also be employed to 
generate a signal to activate a battery-powered audible signal and/or an LED or other 
visual signal to alert and indicate to the patient that the dispensing device is ready for 
use. In order to conserve the motive force, e.g., the battery or coil spring, the 
clockwork movement can be stopped when a vial reaches the ready position. Upon 
movement of the pump actuator to drive the plunger into the vial and thereby 
—discharge -the 

restarted, as by release of a lever control arm or by virtue of a signal transmitted to 
the microprocessor, e.g., from a magnetic sensor, a switch or other means known to 
the art. 

Other alternative control means include one or more spring solenoids mounted, 
e.g., on the support member 40, to position the solenoids moveable member to 
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engage an aperture in a wall of the housing 60 to prevent relative movement between 
the elements. When the engaged solenoid is temporarily activated, the moveable 
member is withdrawn from the restraining position in the aperture and relative 
movement occurs. The same or a second solenoid having an extending spring-loaded 
moveable member engages in sliding contact until it encounters the same or another 
spaced aperture which it enters to stop the relative movement and to advance a vial 
to the ready position. 

These and numerous other modifications to the various mechanical and 
electrical systems will be apparent to one of ordinary skill based on the disclosure 
"contained herein, without departing from the scope and content of the invention as 
defined by the attached claims. 
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We claim:. 

L A method for controlling the minimum time interval between the self- 
. administration of a plurality of prescribed unit doses of an intranasal pharmaceutical 
composition inlranasally by a patient capable of self-administering the composition, 
the method comprising: , 

a) providing a plurality of sealed vials, each vial having an access 
orifice and containing the prescribed unit dose of the 
pharmaceutical composition; 

b) providing a drug delivery device having means for securing a 
plurality of the sealed vials containing the pharmaceutical 
composition in a predetermined array and dispensing means for 
recovering the pharmaceutical composition from each of the 
vials and dispensing the pharmaceutical composition in the 
form of a spray for intranasal administration in response to a 
manual activation force applied to the drug delivery device by 
the patient; 

c) securing a plurality of the sealed vials to a supporting member 
rotatably mounted in the drug delivery device in the 

predetermtoed array; : : 

d) sequentially moving each of the * vials containing the 
pharmaceutical composition relative to die dispensing means at 
the end of a prescribed time interval following activation of the 
dispensing means to inlranasally administer a dose of the liquid 
composition. 
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2. The method of claim 1, wherein the prescribed time interval between each 
sequential movement is the same. 

3. The method of claim 1, wherein each of the sequential movements occur in 
the range of from 2 to 4 hours. 

4. The method of claim 1, wherein the drug delivery device includes a 
microprocessor and power source, and the method further includes the steps: 

a) programming the microprocessor to generate a signal at the end 
of a prescribed period of time following the dispensing of a 
dose of pharmaceutical composition from a vial; and 

b) generating a signal to initiate the sequential movement of the 
vials relative to the dispensing means. 

5 . The method of claim 4, wherein a motive force for moving the vials is applied 
continuously to the rotatably mounted support member and the rotation of the support 

_member_is_restrain^ 

6. The method of claim 5 which includes the step of periodically moving the 
control means in response to the microprocessor signal, whereby the vials are 
rotationally moved in response to the motive force. 
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*" . * 

7. The method of claim 1 which includes generating an audible or visual signal 
at die end of the prescribed time interval. 

8. The method of claim .5 which includes the steps of charging and then 
discharging a capacitor to thereby generate a current in response to signals received 
from the microprocessor/ 

9. The method of claim 8, wherein the current discharged from the capacitor is 
passed through a shape memory actuated wire operatively joined to said control 
means. 

10. The method of claim 5, wherein the control means moves between first and 
second restraining positions with respect to said support member, and the method 
includes sequentially moving the control member between the first and second ■ 
restraining positions to control the sequential movement of the vials. 

11. An apparatus for the intranasal administration of a plurality of doses of a 
liquid pharmaceutical composition, the apparatus comprising : 

a) a plurality-of sealed vials, each-vial having-an access orifice — 

and containing a predetermined volume of the pharmaceutical 
composition; 

b) a vial supporting member having supports for receiving the 
plurality of sealed vials; 
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c) a pump assembly including a liquid delivery channel for 
conveying die liquid pharmaceutical composition from the 
interiqr of the vial to a discharge outlet; 

d) a pump activator cooperating with said pump assembly; 

e) means for sequentially aligning the pump assembly with the 
access orifice of each of the vials to permit discharge of the 
liquid pharmaceutical composition from the aligned vial upon 
actuation of the pump ; 

f) . an ergonomic intranasal cap affixed to said pump assembly and 

in communication with said pump assembly discharge outlet; 

g) motive means for moving die vial support member relative to 
the pump assembly; 

h) release means for restricting the movement of the vial support 
member relative to the pump assembly; 

j) a programmable control means for controlling the release 
means, whereby the support member advances a vial containing 
pharmaceutical composition into alignment with, the pump 
assembly for discharging the pharmaceutical composition upon 
ac tivation of the pump act uator, ' 



12. The apparatus of claim 11 where the means for moving the vial support 
member is selected from the group consisting of springs, electric motors, elastic 
members and manually applied forces. 
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13. The apparatus of claim 11 where the release means comprises an escapement 
assembly. 



14. The apparatus of claim 11 where the release means further includes a ratchet 
assembly, whereby the vial support member is mo vable in only one direction relative 
to the pump assembly. 

15. Hie apparatus of claim 14 where a pawl of the ratchet assembly is fixed 
relative to the vial support member. 

16. The apparatus of claim 11 where the intranasal cap includes an atomizing 
chamber, whereby a liquid discharged from the cap is in the form of a spray. 

17 . The apparatus of claim 1 1 where the vial support member is generally circular 
and each of the plurality of supports is positioned to receive a vial radially with the 
vial access orifice feeing outwardly. 

1 8 . The apparatus of claim 17 where the vial support member includes at least one 
central chamber and the progran^ o^ntrol means is contained in ^ least one 
central chamber. 

19. The apparatus of claim 18 which further includes a power source. 

20. The apparatus of claim 19 where the power source is at least one battery. 
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21. The apparatus of claim 13 where the release means includes a nitinol wire and 
an electrical discharge circuit, whereby an electric current is passed through said 
nitinol wire in response to a signal generated by said programmable control means 

22. The apparatus of claim 11 where each of the plurality of vials contains a unit 
dose of the pharmaceutical composition. 

23. The apparatus of claim 11 which contains at least twelve vials. 

i 

24. An apparatus for the intranasal administration of a plurality of predetermined 
unit doses of a liquid pharmaceutical composition, each of said unit doses being 
contained in a plurality of sealed vials of uniform dimension, said apparatus 
comprising: 

a) a vial supporting member for receiving the plurality of sealed 
vials each of said vials having an access orifice. 

b) a pump assembly including a liquid delivery channel for 
conveying die liquid pharmaceutical composition from the 
interior of a vial to a discharge outlet; 

c) a pu mp activator coo perating with said pump assemMy 

d) means for aligning the pump assembly and the access orifice of 
each of the vials to permit discharge of the liquid 
pharmaceutical composition from the aligned vial upon 
activation of the pump; 
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e) an ergonomic intranasal cap affixed to said pump assembly and 
in communication with said pump assembly discharge outlet; 

f) motive means for moving the vial support member relative to 
the pump assembly; 

g) release means for restricting the movement of the vial support 
member relative to the pump assembly; 

h) a preprogrammed microprocessor for controlling the release 
means, whereby the support member advances a vial containing 
pharmaceutical composition into alignment for discharging the 
pharmaceutical composition upon activation of the pump 
actuator in response to a signal from the microprocessor. 

25. The apparatus of claim 24, . wherein each of the plurality of vials is 
independently supported. 

26. The apparatus of claim 25, wherein each vial is generally cylindrical and is 
received in a supporting snap-fit. 

27. The ap paratus of claim 24 that includes a plurality of button cell batteries. 



28. The apparatus of claim 24, wherein the release means includes a solenoid. 
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29. The apparatus of claim 24 that includes at least one housing member that 
engages the supporting member; whereby the plurality of vials is contained between 
.the housing and support member. 

30. The apparatus of claim 29 comprising a pair of mating housing members that 
enclose the support member. 

31. The apparatus of claim 30 that includes an aperture in said mated housing, 
whereby a manual force can" be applied to the periphery of the enclosed support 
member. 

32. The apparatus of claim 29, where the pump assembly extends from and is 
joined to at least on housing member. 

33. The device of claim 24, wherein the microprocessor has at least one pin 
voltage and wherein the control means includes an actuator for actuating the rotating 
means, the actuator being powered by. the at least one pin voltage. 

/ 

„_34 The device of_cIainL33, wherein the actuator_is a m 

35. The device of claim 34, wherein the control means . includes a capacitor 
charging circuit chargeable by the at least one pin voltage, the actuator being powered 
by discharge of the capacitor charging circuit 
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36. * The device of claim 33, wherein the control means includes a manually 
actuated input means, the control means actuating the rotating means in response to 
manual actuation of the input means at one of the prescribed, times for delivery of a 
drug dosage detennined by the timing means. 

37. The device of claim 36, wherein the actuator is a nitmol wire. 

38. The device of claim 37, wherein the control means includes a capacitor 
charging circuit chargeable by the at least one pin voltage , the actuator being p owered 
by discharge of the capacitor charging circuit in response to manual actuation of the . 
input means. 

39. The device of claim 24, that includes a button cell battery for providing power 
for actuating the rotating means. 

40. Hie device of claim 39, wherein the programmable microprocessor is powered 
by the battery, the microprocessor having at least one pin voltage in response to 
power from the battery. 

41. The device of claim 40, wherein the actuator is a nitmol wire. 

42. The device of claim 41, wherein the control means includes a capacitor 
charging circuit chargeable by the at least one pin voltage , the actuator being powered 
by discharge of the capacitor charging circuit 
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43. The device of claim 40, wherein the control means includes a manually 
actuated input means, the control means actuating the rotating means in response to 
manual actuation of the input means at one of the prescribed times for delivery of a 
drug dosage determined by the timing means. 

44. The device of claim 43, wherein the actuator is a nitinol wire. 

45. The device of claim 44, wherein the control means includes a capacitor 
charging circuit chargeable by the at least one pin voltage, the actuator being powered 
by discharge of the capacitor charging circuit in response to manual actuation of the 
• input means. 

46. The device of claim 24, wherein both of the timing means and the control 
means are elements of a programmable microprocessor. 
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Figure 1: Liquid Pharmaceutical Stored in Glass Vial with Rubber Stopper 
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figure 3: Positive Displacement Pumping Mectanism wiiii Nose Cap 
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Figure 5: C^usel Arrangeraei rt ^ Vials 
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Kgnre 7: Cutaway Cross-seatton View ofHoHdng Assembled to Carousel 
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-• Figure 9: Power Spring to Apply Torque between Housing and Carousel 
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13 *" Access Window for Manually Indexing Carousel 
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Interior of the Housing Assembly 
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F\^16 ,: Electronics Packagbn^on Backside of Carousel 
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Kgt 17 : MoncMvire Escapement Mechanism 



WO 02/13886 



18/21 



PCT/US01/25726 




Fig \o : Mono-wire with Vertical Loops Escapement Mechanism 



WO 02/13886 



19/21 



PCT/DS01/25726 




Kg : Bi-wire Escapement Mechanism 
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Figure 2£> discharge Circuit 




Figure 2): Charging^cliargmg Gircmt 
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